Abstract. The number of studies seeking to empirically characterize the reduced-form relationship between a country economic growth and the quantity of various pollutants produced has recently increased significantly. In several cases researchers have found evidence in favor of an inverted-U "environmental Kuznets" curve. In the case of a major greenhouse gas, CO 2 , however, the evidence is at best mixed. This paper attempts to shed further light on this issue by using a newly developed data set covering over one hundred countries around the world for the last twenty five years and by considering alternative functional forms together with an effort to rigorously discriminate among competing alternatives.
Introduction
The threat of climate change due to global warming is an issue whose relevance is by now recognized by all experts, governments, and public opinions throughout the world. The Earth Summit held in Rio de Janeiro in 1992 and the 1997 Kyoto Summit have called the international attention upon the negative consequences of a heating of the planet as well as upon the potential instruments to tackle this problem.
One of the most important issues in the policy arena is related to the role that should be played by developing countries. In fact in the Kyoto Protocol there is a specific commitment by industrialized countries to reduce CO 2 emissions over the period [2008] [2009] [2010] [2011] [2012] down to the level attained in 1990. No such commitment has been taken by or solicited from developing countries, the usual argument in favor of this position being that the industrialization process should require no constraint particularly for energy production and consumption.
Underlying this position, there is a long-standing debate on the relationship between economic development and environmental quality. From a sustainable development viewpoint there is no doubt that, during the last decade, there has been a growing concern that the economic expansion of the world economy will cause irreparable damage to our planet. This point is well summarized by the title of a paper by Richard Balwin: "Does Sustainability Require Growth?" (Baldwin, 1995) . As pointed out by Grossman (1995) , these anxiety and concern are based on two rather intuitive notions that have received a considerable attention at both research and policy levels: (i) more output requires more inputs and so the earth's natural resources (including also exhaustible energy sources) will be quickly depleted (Exhaustible Issue); (ii) more output means more emissions and waste. The earth could soon exceed the carrying capacity of the biosphere. (Carrying Capacity Issue).
A careful analysis of this issue is quite complicated a task and the relationship between economic growth and pollution is very complex, depending upon a host of different factors. While the level of economic activity is a crucial ingredient, in order to determine the full impact of energy on environmental quality the composition of economic output as well as the level of the technology are critical aspects. It is quite clear that if composition of output and methods of production were immutable, than the dimension of the damage would be inextricably linked to the scale of production.
However, there is strong evidence that changes in both directions (composition of output and methods of production) have taken place.
Starting from this general framework, there have been in the last few years several studies dealing with the relationship between the scale of economic activity and the level of pollution (see the survey articles by Stern, 1996; Stern, common, and Barbier, 1996; Barbier, 1997; Ekins, 1997; Mc Connell, 1997) . This link is obviously very complex. It depends on many different factors such as: (i) the size of the economy;
(ii) the sectoral structure, including the composition of the energy demand; (iii) the vintage of the technology; (iv) the demand for environmental quality; (v) the level (and quality) of environmental protection expenditures. All these aspects are interwined. Despite these difficulties, if we concentrate on local pollutants, typically measures of air and water quality, several empirical studies have identified a bell shaped curve for the pollution intensity of GDP (Shafik and Bandyopadyay, 1992; Shafik, 1994; Selden and Song, 1994; Grossman, 1995; Grossman and Krueger, 1995; Panayotou, 1997) . This behavior implies that, starting from low (per capita) income levels, (per capita) emissions or concentrations tend to increase but at a slower pace. After a certain level of income (which typically differs across pollutants) -the "turning point" -emissions or concentrations start to decline as income further increases. In the 1940s
Simon Kuznets empirically identified an inverted-U historic relationship between income distribution and income growth, which was then termed "Kuznets Curve" after him.
Given the obvious analogy, the bell shaped relationship between per capita income and pollution has been dubbed "Environmental Kuznets Curve" (EKC hereafter).
It is remarkable that most studies have concentrated on a number of local pollutants, while the analysis of the relationship between income and global emissions, and those of CO 2 in particular, has received, at least until recently, much less attention.
Based on economic theory, two main explanations have been put forth to rationalize the EKC relationship. The first is that the Kuznets behavior is an income effect and results from the environment being a luxury good. Early in the economic development process of a country individuals are unwilling to trade consumption for investment in environmental protection: environmental quality declines as a result. Once individuals reach a given level of consumption (or income), they begin to demand increasing investments in an improved environment. Thus, after the "income turning point", environmental quality indicators begin to display reductions in pollution and environmental degradation.
The other common explanation is that the EKC is another expression of the "stages of economic growth" economies go through as they make a transition from agriculture-based to industry and then post-industrial service-based systems (Baldwin, 1995) . The transition from an agricultural to an industrial economy results in increasing environmental degradation as mass production and consumption grow. The transition from an industrial to a service-based economy is instead assumed to result in decreasing degradation due to the lower environmental impact of service industries. A slightly modified view is the idea that economies pass through technological life cycles, moving from polluting technology to high technology.
The case of global pollutants such as CO 2 emissions, however, is rather special in terms of the above explanations. The different policy perception of local as opposed to global pollutants should be clear. The protection of a global common requires policies aimed at sustaining a global agreement for which free riding behavior is one of the possible outcomes.
The global nature of this pollutant and its crucial role as a major determinant of the greenhouse effect attribute to the analysis of the CO 2 emissions-income relationship special interest. A number of empirical studies have recently looked for an EKC in this case (Shafik and Bandyopadyay, 1992; Holtz-Eakin and Selden, 1995; Tucker, 1995; Cole, Rayner, and Bates, 1997; Moomaw and Unruh, 1997; Roberts and Grimes, 1997; Schmalensee, Stoker, and Judson, 1998) . While an exhaustive survey of the results is beyond the scope of this paper, a few aspects shared by nearly all the studies ought to be mentioned:
(i) The relationship considered is a reduced-form equation relating per capita CO 2 emissions to per capita income. In general, and with the possible exception of the time trend, no extra explanatory variables are included.
1
(ii) The analysis is usually conducted on a panel data set of individual countries around the world.
2 Moreover, the data for CO 2 emissions almost invariably have come from a single source, namely the Oak Ridge National Laboratory.
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(iii) The functional relationship considered is either linear or log-linear one, with a few studies considering both (Holt-Eakin and Selden, 1995; Cole, Rayner, and Bates, 1997) .
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(iv) Due to the almost complete coverage of world countries, the estimation technique is typically the least square dummy variable method, allowing for both fixed country and time effects.
While all the studies quoted so far have focused upon the empirical emergence of the EKC and have typically discussed its implications with special reference to the value of the income turning point, the analysis concerning the robustness of the basic findings has not been, somewhat surprisingly, a major concern. The only noticeable effort in that direction has been the explicit consideration of a third-order, rather than just a second-order polynomial for the linear or log-linear models. Also, as said, only two studies have estimated both linear and log-linear specifications. The issue of the functional form for the reduced-form relationship between CO 2 emissions and GDP appears to be critical for the emergence of a "well-behaved" EKC and for the crucial policy implications that could be drawn from such an empirical finding. Indeed, while many researchers warn that a reduced-form relationship is ill-suited for drawing policy prescriptions, it cannot be denied that an inverted-U relationship for CO 2 emissions intensity suggests that pollution reduction might be expected to occur as a natural byproduct of economic development.
1 Two often mentioned problems with empirical EKCs are the assumption of unidirectional causality from growth to environmental quality and the omission of international trade considerations (Stern, Common, and Barbier, 1996; Hettige, Lucas, and Wheeler, 1992) . 2 Roberts and Grimes (1997) estimate individual cross sections for several years. 3 The data for real per capita GDP are typically drawn from the Penn World Table and are on a PPP basis.
We argue in this paper that the empirical relationship between a country GDP and the emissions of a major greenhouse gas, CO 2 , ought to undergo a more careful scrutiny from at least two standpoints. The first one is to fit the "standard" linear relationship, be that in levels or in logarithms, using an alternative, possibly better, data set. The second one is to study more carefully the shape of the estimated environmental Kuznets relationship together with a rigorous attempt to discriminate among alternative functional forms by statistical means. In so doing, alternative non-linear functional forms may be suggested and contrasted with the usual ones. This is what we do in the present paper.
The structure of this paper is the following. Section 2 discusses the new data set used highlighting advantages and disadvantages relative to existing alternatives. In section 3 we estimate the standard linear and log-linear models and discuss the evidence so obtained. In section 4 we propose and estimate alternative functional forms for the EKC and use the theory on non-nested hypothesis testing to choose the preferred specification. Concluding remarks close the paper.
The Data
Our analysis exploits a data set recently developed by IEA (International Energy Agency, 1997) . It covers the period between 1960 to 1995 for the Annex II countries of the United Nations Framework Convention on Climate Change (Rio de Janeiro, 1992) and between 1971 to 1995 for all the other countries. In order to avoid the complications related to the use of an unbalanced sample and because the most relevant period for our purposes pertains to the last thirty years, we employ data that cover the 1971 to 1995 period for 108 countries. In 1995 these accounted for 88% of the CO 2 emissions generated by fuel combustion. 5 The series for Gross Domestic Product (GDP) and population of the OECD countries (with the exception of Czech Republic, Hungary, Poland and the Republic of Korea) come from the OECD Main Economic Indicators.
5 A few countries have been omitted from the original data set. The Former Soviet Union, accounting for about 11% of emissions in 1995, had to be excluded due the unavailability of a suitable data set. Kuwait, Luxembourg and Netherlands Antilles were also excluded, being clear outliers in either per capita emissions or per capita GDP dimensions or both (see also, for instance, Holtz-Eakin and Selden, 1995) .
The corresponding series for the other countries have been obtained from the World Bank.
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On the whole, the sample consists of 2,700 annual observations. However, in order to account for the different stage of economic development, position relative to the technological frontier, and other structural differences, we have also considered and analyzed the sub-samples of OECD and non-OECD countries. The former includes 28 nations for 700 observations, while the latter includes 80 countries for a total of 2,000
observations.
As mentioned in the Introduction, the only source of data so far used by researchers interested in EKC analysis for CO 2 emissions has been the one made available by the Carbon Dioxide Information Analysis Center (CDIAC) of the Oak Ridge National
Laboratory (Marland, Anders, Boden, Johnston, and Brenkert, 1998) . CDIAC distributes and updates a specific data set concerning global, regional, and national CO 2 emission estimates from fossil fuel burning, cement production, and gas flaring. The data are calculated using energy statistics published annually by the United Nations and using the methods described in Marland and Rotty (1983) . Cement production estimates came from the U.S. Department of Interior's Bureau of Mines, while gas-flaring estimates are derived principally from United Nations energy statistics but supplemented with estimates from the U.S. Department of Energy. The available data are annual and cover the period 1950-1994. There are several differences between the CDIAC data set and the one used in this paper. The IEA data set is based on energy balances and does not include either cement production or gas flaring. The impact of these emissions is however rather small and they collectively contributed less than 4% to total emissions in 1995. The IEA data set appears to be more precise for at least a couple of reasons. Firstly, IEA has a long reputation in collecting energy balances that are the basis for the emissions data sets used by most papers. Secondly, IEA has been able to use specific emission coefficients for different energy products, while in the CDIAC case a single coefficient has been used for gas, oil, and solid fossil fuels without any distinction among individual energy products.
6 GDP data for the Czech Republic from 1990 onwards come from the OECD and from 1971 to 1989 are IEA estimates.
While it is not the purpose of this paper to conduct a detailed analysis of differences between the two data sets, we believe that there are good reasons for studying the EKC issue, its emergence and features, using this alternative, possibly of higher quality, data set.
The Standard Specification: Linear and Log-linear Models
Basically all the papers in the EKC literature assume that the empirical reduced-form relationship between per capita CO 2 emissions and GDP can be adequately described by a polynomial function of income. Being linear in parameters, such relationship can be estimated using standard econometric techniques. In particular, standard fixed effects with time dummies estimates have been presented. 7 The estimated regression models have often differed in two respects: (i) the equation is either linear or log-linear in the variables; (ii) the equation is either quadratic or cubic. Thus, for instance, Moomaw and Unruh (1997) consider a linear-in-variables specification with either quadratic or cubic income terms; Schmalensee, Stoker, and Judson (1998) postulate a log-linear model with a spline (piecewise linear) function of income; HoltzEakin and Selden (1995) and Cole, Rayner, and Bates (1997) consider the two functional forms for both quadratic and cubic cases.
The two general models look like the following:
where i=1,…N indexes the countries and t=1,…T indexes time. The terms (α i ,β i ) and (α t ,β t ) are respectively country and year fixed effects, while u it and v it are white noise disturbances. We control for the fixed country and time effects with a set of appropriate dummy variables. For future reference, we note that the fixed effects always enter linearly all the estimated models considered here.
7 Holtz-Eakin and Selden (1995) is the only study assuming also a random effects specification. It is also the only study which carries out a number of misspecification tests, including tests for serial correlation of the disturbances and for endogeneity of the right hand side variables. 8 In all the equations of the paper CO 2 and GDP are meant in per capita terms.
The choice between linear and log-linear models has been the subject of several contributions to the econometric literature (see, for instance, McAleer, 1994). On conceptual grounds the selection of either specification is not without implications:
suffice to remember that the first model yields constant marginal effects and variable elasticities, while the second model does precisely the opposite; the log-linear model may appear to some researchers preferable because it yields steady-state growth paths or because it implies multiplicative, rather than additive, individual effects; the linear model is attractive because its computational simplicity, the (almost) immediate interpretability of some of its coefficients, and its temporal aggregability.
For the purpose of studying the possible emergence of an inverted-U environmental Kuznets relationship a few remarks are important. Firstly, the log-linear model imposes non-negativity restrictions upon the variables, which the linear model does not. In the case of a concave relationship, such as the EKC, the requirement that emissions cannot become negative, albeit at very high income levels, may not be an unreasonable restriction to impose. Secondly, the linear model imposes a symmetric behavior on the estimated relationships, a fact which appears unwarranted on a priori grounds. This is not so in the log-linear case. Thirdly, when a cubic linear-in-variables relationship is fitted to the data, the attractiveness of easily interpretable coefficients is lost. Actually, as documented in Appendix A, we need to distinguish several cases depending on the sign of the parameters α 2 and α 3 in (1), from which it clearly emerges that a bell shaped EKC may obtain only under quite special circumstances. From these remarks we conclude that a cubic income term ought to be always included in (1) and its statistical significance considered, no matter the magnitude of the corresponding coefficient.
9 Indeed, the possibility of obtaining an N-shaped curve, with two turning points and emissions increasing as income goes further up, can not be ruled out.
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Finally, in the case of the log-linear specification, because of the non-linear transformation undergone by the model variables, it is impossible to predict a priori the behavior of the function on the basis of the parameter signs (see Appendix A).
With these considerations in mind, following the bulk of the literature, we start by estimating equations (1) and (2). The exclusion from those equations of explanatory variables other than GDP is one of the most relevant issues related to the specification of reduced-form equations. In this case it is important to distinguish between variables that could be directly linked to GDP (and thus could be considered endogenous) and those representing exogenous influences. Persistent differences across countries in fossil fuels demand, shares of different fossil fuels, output mixes, regulatory structures, taxes and subsidies are captured by specific country dummies included in the regression models. In addition, fixed effects reflect changes in technologies or different environmental policies.
Finally, time specific dummies are included to reflect changes over time in domestic prices, for which historical data are not always available and other country-invariant effects.
The results of the estimation of the two models for the three samples of All countries, non-OECD, and OECD countries are presented in Tables 1 and 2 . For each sample, two different specifications have been tried, respectively excluding and including a cubic income term. As a general comment, it can be seen that the fit of the equations is always satisfactory when judged according to the adjusted R 2 , with the log-linear specification performing marginally better in the case of the samples of All countries and non-OECD countries. The reported F tests show the statistical relevance of the country effects as well as that of the time effects, although differences among countries are far more important than changes within countries over time (see also Schmalensee, Stoker, and Judson, 1998 , for a similar finding).
Turning to the estimated parameters, and considering the linear-in-variables model first, we immediately note that the cubic term for income is always statistically significant. This is an important piece of information in view of the determination of the shape of the EKC, which calls for a joint examination of the parameters α 2 and α 3 in (1).
In fact, if we were to limit ourselves to consider the quadratic specification, a bell shaped EKC would clearly be obtained for all samples. In the case of the cubic specification, as shown in Figure 1 , the estimated parameters produce a "well behaved" EKC for the All countries and non-OECD countries samples, while in the case of the OECD countries the data produce the unpleasant finding of an N-shaped relationship.
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The evidence from the log-linear model is slightly better in terms of econometric performance, but not more encouraging in terms of estimated EKC. Indeed, we again obtain a strongly significant cubic term for (the log of) income, except for the non-OECD countries. The empirical CO 2 emissions-GDP relationship is portrayed in Figure   2 . It can be seen that an inverted-U shape shows up in all cases, but a strong asymmetry characterizes the All countries and (even more) the non-OECD countries samples. This It turns out that Shafik and Bandyopadyay (1992) and Shafik (1994) find that per capita CO 2 emissions increase monotonically with income growth. In contrast, restricting the attention to a quadratic specification, Holtz-Eakin and Selden (1995) generate an out-of-sample income turning point of $35,428 per capita (in 1986 prices),
suggesting that substantial economic growth would be required before CO 2 emissions began to decline. While present, the estimated turning point is disturbingly high. Sengupta (1996) estimates the CO 2 /GDP relationship using a sample of sixteen countries 
Alternative Functional Forms
The statistical discrimination between linear and log-linear model has attracted the interested of both econometricians and applied economists, in particular from the viewpoint of non-nested hypothesis testing (McAleer, 1994) . Not only are the two specifications separate from one another, but unlike standard non-nested models, they also entail a known transformation of the dependent variable. This fact calls for the derivation of special tests. Among a few possibilities, we have selected the so-called PE test proposed by MacKinnon, White, and Davidson (1983) and the one suggested by Bera and McAleer (1989) (BM test). The former is an asymptotic test, the latter is an exact one however requiring the normality assumption for the model disturbances. 13 The outcome of these tests contrasting the estimated linear and the log-linear models (and vice versa) is presented in Table 3 . Unfortunately, as it often happens in non-nested hypothesis testing, both specifications appear to rejected each other, although more strongly so for the linear model. 14 We therefore try to corroborate these findings using an alternative strategy. One early proposal to provide a criterion for the choice among the two separate regression structures was put forth by Box and Cox (1964) (see also Sargan, 1964) and entailed a comparison between the residual sum of squares of the two models after having expressed the dependent variables in similar units (see Appendix B for details). The preferred model is the one with the smallest unexplained variation; moreover, it is possible to construct a test of the null hypothesis that the two models are observationally equivalent. If we compare the "corrected" sum of squared residuals of the linear models of Table 1 with the corresponding indicator for the log-linear models of Table 2 , it clearly appears that the latter specification is strongly favored. The test of observational equivalence (BC test) reported in Table 3 confirms this result. We can thus conclude that a rigorous examination of the relative performance of linear versus log- 12 Other authors have found evidence of an N-shaped curve when analyzing various environmental quality indicators such as solid waste volumes and heavy metal concentrations in river water (Grossman and Krueger, 1995) . See Ekins (1997) for a survey of these findings. 13 The structure of these tests is sketched in Appendix B. 14 More precisely, each model is rejected against a more general alternative. In this sense, as mentioned in appendix B, these are test in regression direction. Also, from linear CO 2 emission-GDP relationship tends to privilege the latter, albeit not decisively so.
The difficulties which nevertheless remain with the log-linear specification have prompted us to search for alternative functional forms which satisfied three criteria: (i) to perform better econometrically; (ii) not to restrain a priori the range of possible shapes which can characterize the relationship under study; (iii) to outperform the log-linear specification on statistical testing grounds.
Consider the following non-linear functional forms:
In the statistical literature expressions (3) and (4) are know as three-parameter Gamma and Weibull functions. They have also been used in applied environmental and ecological economics (Bai, Jakeman, and McAleer, 1992) . One advantage of these functional relationships is the interpretability of the parameters: in fact, α, β, and γ are associated with "shape", "scale", and "shift" of the function: depending upon the values they take on, the relationship can assume a variety of different behaviors. In Figures 3 and 4 we have plotted a few theoretical curves for arbitrary different values of the corresponding parameters. It can be seen that, besides more or less asymmetric inverted-U shapes, the curve can even be exponentially decreasing. From the inspection of the graphs, it also emerges that the shape parameter α plays a crucial role, while the requirement that emissions can not get negative is implicitly imposed.
For the three samples we have estimated (3) and (4) after introducing multiplicative fixed effects and taking logs, so that the regression models become:
The results of the estimation of models (5) and (6) are presented in Table 4 . The fit is satisfactory in all cases, and the parameters are always strongly significant with the exception of γ in the OECD countries sample for the Weibull functional form. While it is difficult to judge the relative merits of the two specifications on the basis of this evidence alone, we note that the parameters are not stable across samples (this was often the case also for the previous specifications). If we now look at Figure 5 , we see that all the estimated relationships display a bell shaped curve: we can thus conclude that a "wellbehaved" EKC is supported by our data. Interestingly, the curves appear to be strongly asymmetrical with a steep increase at low income levels and a slow decline afterwards.
The reduction in emissions appears however to be faster for OECD than non-OECD countries. The turning points occur at quite reasonable values, with figures that are higher in the case of non-OECD than of OECD countries. These facts could have relevant policy implications. Finally, the figure effectively shows the differences between Gamma and Weibull estimated specifications.
Do the Gamma and Weibull specifications proposed here as better functional relationship for describing the CO 2 emission intensity outperform the widely employed log-linear model? Table 5 provides the answer on the basis of non-nested hypothesis tests. Here, even if the dependent variable is the same across models, specific tests must be used that account for the non-linear nature of Gamma and Weibull specifications. As briefly described in Appendix B, the P test proposed by Davidson and MacKinnon (1981) serves our purposes. It is remarkable that, according to the evidence in the table, the P test yields an unambiguous outcome in that the log-linear model is rejected by both Gamma and Weibull functional forms. 16 The BC test of observational equivalence between models confirms this evidence except for the non-OECD. As a final note, the data do not allow us to discriminate clearly between Gamma and Weibull functional forms: in fact, according to the non-nested P test, in the All countries sample the Gamma is unambiguously the preferred model, whereas in the non-OECD sample (OECD sample) both specifications cannot be rejected (are rejected) against a more general alternative; according to the BC test, instead, the two functional forms are observationally equivalent in all cases except for the OECD sample where the Weibull is clearly the preferred specification.
Conclusions
The empirical research on the link that appears to exist between emissions of a major greenhouse gas and the degree of economic development of a country has been recently spurred by the renewed attention of scientists, policy-makers, and public opinion to the issue of climate change. The reduced-form relationship between per capita CO 2 emissions and per capita GDP is known as the Environmental Kuznets Curve and in a few studies it has conveniently displayed a bell shape. If supported by the data, this finding implies that emissions ought to "naturally" diminish as a country becomes richer and richer. Moreover, identifying the "turning point" would allow the observer of a country to precisely know where his/her country is located along the curve. There is econometric evidence, however, which does not find an inverted-U EKC, but rather, a more problematic N-shaped curve.
In this paper we have started from the observations that nearly all papers in the EKC literature use the same source of data for CO 2 emissions and almost invariably fit to the data either linear-in-variables or log-linear functional relationships. Departing from this practice, we have estimated the "standard" relationship on a newly developed data set for emissions. We have also applied the theory of non-nested hypothesis testing in the attempt to choose between linear and log-linear models. After having noted a few theoretical and empirical drawbacks of these functional specifications, we have proposed two alternative functional forms, Gamma and Weibull, which have been subsequently implemented. The estimated results are satisfactory and the features of the EKC log-linear specification prevails. However, this evidence does not hold when the Weibull structure is relationship reasonable. Finally, interestingly enough non-nested tests have produced the unambiguous result that Gamma and Weibull are to be preferred to the usual log-linear functional form.
In summary, the evidence presented in this paper demonstrates that, when alternative new functional forms are employed for describing the reduced-form relationship between CO 2 emissions and GDP relative to the standard ones, the emergence of a bell-shaped Environmetal Kuznets Curve with reasonable turning points is a possibility that cannot be discarded. We next consider the log-linear specification. In this case the curvature and turning point of the function cannot be predicted analytically. The reason is that, while logarithmic derivatives can be easily computed, we are in general interested in the level, or non-logarithmic, derivatives. The relationship between them is the following: 
Appendix B: Non-nested Tests
In this appendix we briefly review the non-nested tests used in the present paper in order to try to discriminate between alternative functional forms. It is well known that a feature of tests of separate regression structures is that, in the case of two models, they have to be conducted twice, with each specification representing the null hypothesis in turn. It will be recalled that an unpleasant aspect of non-nested tests is the possibility that both specifications are rejected in favor of the alternative. The tests we consider have two characteristics: firstly, they are tests in regression direction, in that each individual model is in fact contrasted against an artificial comprehensive model, rather than against a specific competing alternative. Secondly, we only consider paired comparisons, even if there are more than two separate models to be contrasted against each other.
In order to test for linear and log-linear specifications, it is recognized that the left-hand side variable is not the same in the two models, but one is a known monotonic transformation of the other. This calls for especially designed non-nested tests. One employed here is the so called PE test proposed by MacKinnon, White, and Davidson (1983) and the BM test proposed by Bera and McAleer (1989) . The former is an asymptotic "J-type" test which admits several alternative and asymptotically equivalent forms (McAleer, 1994) . The latter is an exact test, which however requires the model disturbances to be normally distributed. Let the two models be given by: The discrimination between log-linear Gamma, and Weibull functional forms calls instead for a test for non-linear non-nested models. One such test is the P test developed by Davidson and MacKinnon (1981) . Let the two competing models be represented as follows: 
where fˆ and ĝ are the fitted values of (A11) and (A12) respectively, and F is the row vector of derivatives of f(.) with respect to β evaluated at βˆ. To test the null of model (A12) against (A11), the role of fˆ and ĝ is reversed with F replaced by Ĝ is the row vector of derivatives of g(.) with respect to γ evaluated at γˆ.
Finally, a different strategy has also been followed in trying to discriminate between linear and log-linear models. A suggestion by Box and Cox (1964) (see also Sargan, 1964) is to examine the unexplained variation of the two models as measured by the residual sum of squares and choose the specification with the smallest unexplained variation. However, the problem is that the Changes in β parameter θ = 0 α = 1.5 β=25000,30000,35000 γ = 100
Changes in γ parameter θ = 0 α = 1.5 β = 25000 γ = -5000,1000,10000
